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Retroviruses As Genetic Tools to Isolate
Transcriptionally Active Chromosomal

Regions

by Harald von Melchner* and H. Earl Ruley*

By exploiting the ability of retroviruses to move genes into random sites of mammalian genomes and
by exploiting some features of their replication, retrovirus vectors have been developed that select for
instances in which the virus integrates into expressed genes. Since integrated proviruses tag transcrip-
tionally active sites, the vectors provide a means to identify and isolate promoters active in different cell
types. Furthermore, the viruses may be useful as insertional mutagens, since they select for instances in
which integration occurs into expressed sites. This reduces the number of integrants needed to screen for
loss of gene function and may enable genes controlling phenotypes in mammalian cells to be isolated.

Introduction

Like transposons in bacteria or retrotransposons in
Jlower eukaryotes (I-6), retroviruses are genetic ele-
ments capable of moving genes into the genomes of
mammalian cells. Upon integration, retroviruses may
cause either a recessive loss of gene function due to
gene disruption or a deminant gain of function due to
transcriptional activation of adjacent genes. Integra-
tions near cellular promoters or enhancers may also
activate viral gene expression.

By exploiting the ability of retroviruses to move
genes into random sites of mammalian genomes and by
taking advantage of some features of their replication,
retrovirus vectors have been developed that select for
instances in which the virus integrates into expressed
genes (7,8). After briefly reviewing some aspects of re-
troviral replication, the present article discusses the
development and uses of retrovirus vectors to tag tran-
seriptionally active chromosomal regions.

Replication of Retroviruses

Retroviruses are RN A viruses that replieate through
a DNA intermediate. Flanking the ends of the viral
genome are short sequence repeats (R) and unique se-
quences (U5 and U3) that control DNA synthesis, in-
tegration, transeription, and RN A processing. Between
the control regions are coding sequences for the major
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structural proteing of the virus particle (gag and enw)
and for enzymes (pol) found in particles (protease, re-
verse transcriptase, and integrase) (2,9-11).

Shortly after infection, viral RNA is converted into
DNA by reverse transcriptase. Prior to integration,
terminal sequences of the viral genome join and are
duplicated such that the retroviral genome is flanked
by long terminal repeats (LTRs), each containing the
U3, R, and U5 regions. Circular forms of the viral gen-
ome, containing either one or two copies of the LTR,
are also found in virus-infected cells. There is evidence
that formation of cireular molecules with two tandem
LTRs creates cis-acting recognition sequences for the
enzymes catalyzing integration. Thus, sequences con-
taining a spleen necrosis virus LTR-LTR junction when
inserted inte DNA at an internal site were sufficient to
promote integration. This suggests that circular gen-
omes containing two LTRs can serve as integration pre-
cuarsors (12,15). However, several investigators have
shown that, at least in vitro, linear viral DNA can in-
tegrate directly without forming a cireularized inter-
mediate {14,15). The integration steps appear similar to
those observed in E.coli during phage Mu transposition,
involving cleavage at the integration site; joining of the
retroviral 3’ ends to protruoding 5’ ends of the target
DNA; and repair of remaining single-stranded gaps (14).
Whether linear DNA also serves as an integration pre-
CUrsor in vivo remains to be established.

LTR sequences are maintained in the integrated re-
trovirus (also termed provirus) except that two nucleo-
tides (nt) are lost. from each end (2,9,16). Cellular DNA
sequences are also unaltered except that upon integra-
tion, 4 to 6 nt are duplicated such that the provirus is
flanked at each end by 4 to 6 bp repeats (8,10,13).






